A 45-year-old male was admitted because of chest pain, lumbago, and bilateral ankle pain. Examination disclosed hypophosphatemic osteomalacia, acquired Fanconi syndrome, and abnormalities in distal nephron such as distal renal tubular acidosis and renal diabetes insipidus. Further exploration revealed IgAkappamultiple myeloma excreting urinary Bence Jones protein (kappa-light chain).
Introduction
Multiple myeloma frequently impairs renal function ( 1 , 2) . The most frequent renal disorder is myelomakidney in which renal failure usually develops. Although the adult Fanconi syndromeis a well-knowncomplication, it is an uncommon renal manifestation of multiple myeloma (3); fifty-seven such cases have been reported to date (4) . Clinical manifestations of adult Fanconi syndrome involve type II renal tubular acidosis, renal glycosuria, aminoaciduria, phosphaturia, and renal hypouricemia (2, 3) . It is frequently associated with electron-dense deposits of reabsorbed immunoglobulin light chains in the proximal renal tubular epithelium (1, (5) (6) (7) . They are usually kappa-light chains, but rare instances of Fanconi syndrome caused by lambda-light chains have been described (8) . In the present report, we describe a case of impaired proximal and distal renal tubular functions (acquired Fanconi syndrome, renal diabetes insipidus, and distal renal tubular acidosis) and hypophosphatemic o steomalacia.
Case Report
A 45-year-old manwas admitted to our department because of chest pain, lumbago, and bilateral ankle pain on September 23, 1990. At 14 years of age, he had rheumatic fever. Thereafter he did not have any trouble until 40 years of age when he noticed exertional dyspnea and palpitation. He visited another hospital and was told to have mitral stenosis, aortic regargitation, and atrial fibrillation. Nocturia, polyuria, and polydipsia were also noticed. At 43 years of age, he had proteinuria and renal glycosuria. At 44 years of age, he had pain in the chest, lower back, and bilateral ankles. As the chest pain and lumbago increased, he visited the orthopedics department of our hospital where the elevation of serum Al-p and low serum level of phosphorus werenoticed. Hewasreferred to our departmentbecause of possible hypophosphatemic osteomalacia. On physical examination, his height was 165 cm, body weight 62 kg. Blood pressure was 120/80 mmHg, pulse rate 96/min with irregular rhythm, and body temperature 36.0°C. Spontaneous pain that deteriorated upon physical movementwas noticed in the anterior chest, lower back, and bilateral ankles. He had tenderness and knock pain in the bilateral clavicles and upper ribs. Bone X-ray examination revealed marked osteoporosis in the vertebrae and Looser's zone in the pelvic bone. Bonescintigraphy using 99mTc-hydroxymethylenediphosphonate revealed multiple accumulations in the bilateral costal bones, lumbar vertebrae, and bilateral ankles. Laboratory examination ( Table  1) revealed elevation of serum Al-p 3 and creatinine, and low levels of serum phosphorus and uric acid. Urinalysis showed proteinuria and glucosuria despite normal blood glucose. Daily urinary output was increased due to renal diabetes insipidus.
Arterial blood gas analysis showed metabolic acidosis with Table 1 . Laboratory Findings normal anion gap. Renal failure and impairment of proximal renal tubular reabsorption of phosphorus, calcium, and uric acid were present. The elevation of urinary f}2 microglobulin also suggested impairment of proximal renal tubules. NaHCO3load-ing test revealed the proximal renal tubular acidosis. These findings as well as generalized aminoaciduria led to the diagnosis of acquired Fanconi syndrome. Urinary acidification defect after NH4CIloading indicated distal renal tubular acidosis as well, la hydroxylation of 25-OHvitamin D was enhanced whereas 24 hydroxylation was diminished, reflecting the secondary hyperparathyroidism as evidenced by the high serum level of PTH.Electrophoresis of serum proteins showedno monoclonal peak, but the amount of beta globulin was increased. Immunoelectrophoresis of serum protein revealed a monoclonal increase of IgA with kappa light chain. Bence Jones protein (kappa light chain) was revealed on immunoelectrophoresis of urine. Aspiration biopsy of sternal bone marrowrevealed 20%myeloma cells. Magnetic resonance imaging (MRI) showed multiple nodular lesions in the vertebral bodies. Renal biopsy specimen showed almost intact glomeruli with thick basement membrane of proximal renal tubules. Intracellular electron-dense crystals of proximal tubular cells were found (Fig. 1A, B) . Immunofluorescent studies revealed that the crystals were composed of kappa light chain (Fig. 1C) and that no positive staining was obtained using antibodies against IgA, consistent with previous reports (7, 9) . Administration of melphalan (12 mg/day) and prednisolone (90 mg/day) (MP) was initiated from September 17 for four days that was repeated monthly. Daily intramuscular administration of 300x 1 04 IU alpha interferon was also initiated. Administration of 2.5 M,g/day of 1 alpha (OH) vitamin D and 20 U/week of synthetic salmon calcitonin were also started. Chest pain, lumbago, and bilateral ankle pain decreased in two months. The MPtherapy was continued at an out-patient clinic for about 4 years. Reduction of the serum IgA was incomplete and myelomacells were 6-10%of total cells in bone marrow aspiration biopsy specimen (Fig. 2) . Administration of the alpha interferon was discontinued on November 3, 1991 due to thrombocytopenia that hampered the monthly administration of the MP. After discontinuation of the alpha interferon, the MPtherapy was repeated monthly and serum IgA level was decreased to 95-110 mg/dl and bone marrow aspiration biopsy showed 2-4% myelomacells. Urinary excretion of kappa-light chain, however, was not reduced throughout the entire course (Fig. 2) . Sodiumbicarbonate at 4 g/day and phosphorus equivalent of sodium/potassium phosphate buffer (1.8 g/day) were also given for the treatment of the renal tubular acidosis and for the hypophosphatemic osteomalacia. Proximal and distal renal tubular functions were not altered after the treatment (data not shown). Bone mineral density of lumbar spine (L2-L4) was 0.685 g/cm2 as determined antero-posteriorly by dual energy X-ray absorptiometry on June 15, 1994. He had been stable until October 12, 1994 when he was admitted to our hospital because of dyspnea, chest pain and left hip pain. On admission, he had congestive heart failure and lung edemawithout evidence of acute myocardial infarction. Palpation of the head showed multiple firm tumors in the skull which were manifested as punched-out lesions in skull X-ray. MRI revealed increased numbers and size of plasmacytomas in the vertebral bodies and a large mass in the proximal part of the left femur. In spite of local irradiation to the tumor, he finally developed subtrochanteric fracture of the left femur on October 29, 1994. Due to renal diabetes insipidus, hypoosmolar polyuria persisted despite increased plasma osmolarity and appropriate elevation of plasma ADHlevels (Table 1) . Regimeof the chemotherapy was changed to vincristine (0.4 mg/day) and adriamycin (13 mg/day), together with 4-day cycles of dexamethasone (40 mg/day) without success. He died of recurrent multiple myelomaon December29, 1994. Autopsy was not performed. Discussion
Wedescribed a patient with hypophosphatemic osteomalacia and renal dysfunction caused by IgA kappa multiple myeloma excreting urinary kappa-light chain. Proximal renal tubular acidosis, renal glycosuria, generalized aminoaciduria, phosphaturia with hypophosphatemicosteomalacia, and increased fractional excretion of uric acid with hypouricemia are full-blown symptoms of Fanconi syndrome (2, 3), and increased fractional excretion of calcium also indicates damageof the proximal renal tubules. Since the first report of the acquired Fanconi syndrome and multiple myelomain 1954 (10), there have been several reports of such cases in the English literature (6, 1 1-14). Urinary acidification defects of distal nephron were not examined in these reports except one report (14) in which the authors found the absence of distal renal tubular acidosis. In this regard, the present case was unusual as the distal renal tubular acidosis was associated with Fanconi syndrome and multiple myeloma. Another evidence demonstrating dysfunctions of the distal nephron was the presence of acquired renal diabetes insipidus manifested as the persistent polyuria since the age of about 40 years and as the elevated plasma osmolality with copious hypoosmolar urine despite appropriate elevation of plasma ADHconcentration (15) ( Table 1) renal biopsy specimen.
Most cases of Fanconi syndrome, but not all (8) , are associated with myelomaproducing kappa type Bence Jones protein. It was considered that the electron dense deposits of reabsorbed immunoglobulin light chain in the proximal renal tubular epithelium cause aquired Fanconi syndrome (5-7). However in some cases of Fanconi syndrome, the proximal renal tubules appeared normal or showed only nonspecific changes and the intracellular protein crystals are not as specific for
Fanconi syndrome as previously thought (1 , 4) . Current evidence suggests the variable domainof monoclonallight chains that are resistant to proteolysis due to peculiar aminoacid sequences prevent catabolism by the tubular cells (4, 9) and impair tubular transport (16) . So it would be the quality, not the quantity, of the Bence Jones protein that causes the renal tubular damage. Many reports (1 1-13) showed improvement of the Fanconi syndrome after successful treatment of the multiple myelomaleading to disappearance of Bence Jones protein. In one report (14) , despite the treatment of the multiple myeloma for 3 years, hypouricemia and hypophosphatemia were not improved. In that report, however, whether the Bence Jones proteins werereduced by the treatment or not is unclear. In the present case, treatment of the multiple myelomadid not improve dysfunction of the renal tubules, probably because Bence Jones proteinuria persisted even after the MPtherapy decreased the numbersof myeloma cells and the concentrations of serum IgA (Fig. 2) . The present case supports the idea that Bence Jones protein causes proximal renal tubular damage and reduction of Bence Jones protein is essential for the improvement of Fanconi syndrome.
